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Abstract 
The main drawback when using aqueous two-phase systems for macromolecule purification is the high cost of most 
polymers used. The purification of an enzyme, alcohol dehydrogenase, from a crude extract of Saccharomyces cerevisiae 
was tested in systems composed of poly(ethylene glycol) and a crude hydroxypropyl starch or Reppal PES 100, a purified 
fraction of hydroxypropyl starch. Purification factors measured for the enzyme were very similar in both systems (between 
0.8 and 1.4 for both systems in the upper phase). However, systems composed of Reppal PES present a greater recovery of 
enzyme, between 77% and 100% versus 60% and 100%, while systems composed of crude hydroxypropyl starch exhibit a 
larger Alog K for the tested ligand, 1.26 versus 0.81. 
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1. Introduction 
Aqueous two-phase systems (ATPS) provide 
benign and non-destructive nvironments for bio- 
separation processes. These phase systems are attrac- 
tive in that they provide a mean of separation which 
is easy to manipulate, reliable in scaling-up, simple 
and effective in operation [1]. 
A very difficult mechanical separation step can be 
replaced by an extraction process which allows the 
separation of cells and cell debris from a soluble 
protein by partition into opposite phases. Besides 
physical extraction, a reactive extraction may be 
applied. This is accomplished by confining a ligand 
into one phase by covalent binding to one of the 
polymers forming the system, usually poly(ethylene 
*Corresponding author. 
glycol) (PEG). It is also possible to bind the ligand 
to a third polymer, that preferentially favours one of 
the phases and has the advantage of being precipi- 
tated by a change in pH, temperature or other. ATPS 
have been used for enzyme purification in large-scale 
[2,3], affinity precipitation [4], affinity purification 
[5] and extractive bioconversions [6]. 
Thus far, most of the laboratory work has been 
done with a system composed of fractionated extran 
and PEG. The properties of this system are well 
studied but, despite the ease of scale-up, the high 
cost of fractionated extran prevents the use of this 
system on large-scale processes [7]. 
As an alternative, for large-scale nzyme process- 
ing, the PEG-salt systems have been used [8]. 
Although inexpensive, the high salt concentration i
both phases of this system limits its usefulness. 
PEG-salt phase forms only at rather high ionic 
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strength, which may cause the denaturation of sensi- 
tive biological structures and the dissociation of most 
ligand-protein complexes [9]. Another problem re- 
lated to the use of PEG-salt systems is waste 
disposal. ATPS based on dextran, starch derivatives 
and cellulose derivatives have the advantage of being 
biodegradable [ 10]. 
As a consequence, there is a need to develop new 
ATPS suitable for large-scale processes. By allowing 
processes to be carried out at low salt concentrations, 
polymer-polymer systems may be more useful than 
PEG-salt systems. Since polymers and salts used to 
generate two-phase systems alone can account for as 
much as 75% of the total production cost of an 
aqueous phase extraction [11], it is necessary to find 
inexpensive substitutes for fractionated extran with 
equivalent partition properties. 
Several polymers, such as crude unfractionated 
dextran [12], starch derivatives [13,14], poly(vinyl 
alcohol) [15], maltodextrin [16], cellulose derivatives 
[ 17], poly(ethyleneimine) [ 18] and agarose [191 have 
already been tested. The utilization of polysac- 
charides and its derivatives used in the paper, food 
and textile industry, as reported by Ven~ncio et al. 
[13], may have a big impact in the development of 
two-phase systems for large-scale purification. 
The behaviour of an ATPS based on a crude 
hydroxypropyl starch is studied and compared with 
the behaviour of a reference system (Reppal PES- 
PEG). Both systems were tested for their ability to 
purify an enzyme, alcohol dehydrogenase, from a 
protein extract of Saccharomyces 
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Table 1 
System composition and volume ratio for tested ATPS 
System Composition Volume ratio 
A 13.5% Rep-4.5% PEG 8000 1.13 
B 15% Rep-5% PEG 8000 1.13 
C 8.8% HPS-3.5% PEG 8000 1.27 
D 9.6% HPS-3.8% PEG 8000 1.22 
where UADH.UP and UADH. I represent the upper phase 
ADH activity (U/ml) and the ADH activity (U/ml) 
loaded to the system, respectively, and Cprot,U P and 
Cpro,,~ represent he upper phase protein concen- 
tration and the protein concentration loaded to the 
system, respectively. 
3. Results and discussion 
3.1. System composition 
3.2. ADH partition 
The behaviour of selected two-phase systems was 
compared with respect o their ability to purify an 
enzyme, ADH, from a crude extract of S. cerevisiae. 
Partition data for ADH and total protein at two pH 
va lues -pH 5.0 (below ADH pI) and 6.0 (above 
ADH p l ) -  are represented in Table 3 and Table 4. 
The presented values reveal some resemblance 
between the two types of systems. Either in the 
Rep-PEG system or the HPS-PEG system the 
following observations can be made: 
1. an increase in pH increases total protein and ADH 
partition coefficients; 
2. total protein recovery  (Rprot) is higher for higher 
pH. This results in a decrease in the purification 
factor (P) for ADH; 
3. the ligand plays an important role in ADH 
partition 
4. and an increase in the ligand concentration in- 
creases the Alog KAO H value. 
The behaviour of several two-phase systems was 
compared with respect o their ability to purify an 
enzyme from a crude yeast extract. Polymer com- 
positions of tested systems are shown in Table 1. It 
can be seen that no significant differences occur in 
the amount of polymers (either Rep or HPS) needed 
to form the two-phase system. Rheological behaviour 
of HPS-PEG systems was analyzed (Table 2) and, 
as predicted and already reported [13], higher vis- 
cosity values were found on the lower phase of this 
system when comparing with Rep-PEG values 
(lower phase viscosity close to 100 mPa s [14]). A 
more detailed rheological study of HPS-PEG sys- 
tems can be found in previous work [13]. 
Table 2 
Rheological properties (shear rate, T; viscosity, /z; and density, p) 
of systems C and D at 4°C 
System Upper phase Lower phase 
p (kg/m 3) ~ (mPa s) p (kg/m 3) r (s J) /z (mPa s) 
C 1(122 II 1088 10.2 195 
20.4 183 
D 102(I 10 1107 10.2 298 
20.4 279 
However, there are differences between these two 
systems that must be considered and that are ex- 
tremely important for its application in protein 
purification. The Rep-PEG system exhibits higher 
protein partition coefficients than ADH partition 
coefficients, while HPS-PEG systems have higher 
ADH partition values. This difference is mainly due 
to the partition behaviour of ADH, which is much 
higher in the HPS-PEG system. This last observa- 
tion explains the higher purification factors (P) 
obtained for the crude polymer system. It is also 
observed that Rep-PEG systems present higher 
recovery of ADH than HPS-PEG systems. On the 
other hand, the effect of the ligand is higher in the 
HPS-PEG system (Table 5). This is an interesting 
result, since it indicates that there is no interference 
of possible impurities of the crude polymer on 
affinity partition. 
Concerning the ligand efficiency it must be 
pointed out that saturation was not reached; a linear 
relationship (Table 5) is evident between Alog KAD H 
and ligand concentration for either Rep-PEG or 
HPS-PEG systems. Affinity partition experiments 
performed by other authors [23] with the same 
enzyme and other ligands in dextran-PEG systems 
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Table 5 
Specificity of the ligand to total protein and enzyme, measured as 
Alog K, in systems composed of Reppal PES (A and B) and HPS 
(C and D) 
System pH Ligand" (%) Alog Kp .... Alog KAD H 
A 5.0 0.28 0.04 0.14 
6.0 1.0 0.00 0.45 
6.0 2.0 0.01 0.62 
6.0 3.0 0.03 0.81 
B 5.0 0.28 0.04 (-) 
6.0 0.28 0.00 0.06 
6.0 0.84 0.06 0.29 
C 5.0 0.28 0.00 0.22 
6.0 1.0 0.07 0.39 
6.0 2.0 0.10 0.70 
6.0 3.0 0.14 1.26 
D 5.0 0.28 0.00 0.14 
6.0 0.28 0.18 0.14 
6.0 0.84 0.21 0.53 
Measured as percentage of PEG-dye complex per total PEG in 
the system. 
show h igher  AIOgKAD H values with less l igand, 
which indicates that it is a less effect ive l igand for 
this enzyme.  H igher  values of  l igand concentrat ion 
were not employed because of  an interference with 
the ADH measur ing method.  
4. Conclusions 
From the exper iments  descr ibed in this paper it 
can be conc luded that the use of  crude po lymers  in 
two-phase part it ion can and must  be cons idered for 
large-scale appl icat ion of  ATPS.  
Purif ied fract ion of  polymers,  such as dextran or 
Reppal  PES, can be replaced with crude polymers,  
such as HPS, without  great losses in per formance or 
appl icabi l i ty.  As in other  systems, env i ronmenta l  
condit ions,  such as pH and temperature,  or the 
addit ion of  a third compound,  can be manipu lated in 
other to achieve a better  separation. 
Another  advantage of  the use of  crude po lymers  in 
ATPS is the cost. As previous ly  reported [13], the 
rep lacement  of  dextran and Reppal  PES by this type 
of  po lymer  can reduce the cost of  a two-phase 
system by factors of  32 and 8, respectively.  Consid-  
er ing the fact that in a large-scale appl icat ion of  a 
dext ran-PEG system, po lymer  cost can account  for 
as much as 75% of  total product ion cost [11], the 
large impact  of  the use of  crude polymers in large- 
scale appl icat ions can be foreseen. 
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